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INTRODUCTION 


A  plLot  plant  for  the  operation  of  a  new  munitions  recrystal llzation 
process  was  set  up  at  Holston  Army  Ammunition  Plant  ( HSAAP)  in  1979  and  was 
operated  for  approximately  5  months.  The  new  process  Involves  recovery  and 
recycling  of  dimethylsul foxide  ( DMSO) ,  in  contrast  to  an  older  hatch  process 
utilizing  acetone  and  cyclohexanone  as  recrystallization  solvents.  Though 
more  efficient  and  cost  effective,  the  DMSO  process  provoked  concern  over 
possible  health  hazards  to  workers  due  to  the  known  rapid  absorption  of  the 
solvent  (along  with  any  nitramine  munition  compounds,  breakdown  products  or 
other  trace  organics  in  the  solvent)  into  body  tissues.  Chemical  characteri¬ 
zation  of  the  new  process  samples  at  HSAAP  was  limited  to  analyses  of  the 
nitramines  hexahydro-1 ,3 , 5-trlnitro-l ,3 ,5-trtazlne  (RDX) ,  octahyd ro-1 ,3 ,5 ,7- 
tetranitro-1 ,3,5 ,7-tet razoclne  ( MMX) ,  l-acetylhexahydro-3 ,5-dinitro-l ,3,5- 
triazlne  (TAX),  and  l-acetyloctahydro-3 , 5 ,7-trinit ro-1 ,3 ,5 ,7-tet razoclne  (SEX) 
by  high  pressure  liquid  chromatography  (HPLC).1  The  samples  were  tested  for 
acute  toxicity  and  mutagenicity  by  extramural  laboratories  and,  when  two  of 
the  process  samples  showed  mutagenicity,  !JS  Army  Medical  Bioengineering 
Research  &  Development  Laboratory  (USAMBRDL)  was  tasked  with  chemical 
characterization  and  identification  of  any  trace  organics  present  in  addition 
to  the  nitramines.  Portions  of  the  two  samples,  designated  as  evaporator 
sludge  and  recycle  solvent,  and  a  sample  of  unused  DMSO  were  first  received  in 
June  1983,  and  the  results  of  the  analyses  were  described  briefly  in  a 
Memorandum  Report  Additional  portions  of  evaporator  sludge  and  recycle 
solvent  were  received  and  analyzed  in  January  1984.  An  evaporator  sludge 
sanple  which  had  not  yet  been  tested  for  mutagenicity  and  a  sample  designated 
as  recovered  DMSO,  as  well  as  two  river  water  samples,  were  received  and 
analyzed  in  April  1984.  The  results  are  compared  and  contrasted  with  those  of 
four  samples  from  the  older  acetone/cyclohexanone  process  which  were  analyzed 
in  June  1984. 


EQUIPMENT  AND  METHODS 


HIGH  PRESSURE  LIQUID  CHROMATOGRAPHIC  ( HPLC)  ANALYSES 

A  Waters  liquid  chromatographic  system  (Waters  Associates,  Milford,  MA) 
consisted  of  the  following  components:  two  Model  6000A  solvent  delivery 
systems,  a  Model  721  programmable  systems  controller,  a  Model  730  data  module, 
a  Lambda-max  Model  480  LC  spectrophotometer ,  and  a  Model  710B  Waters  Intelli¬ 
gent  sample  processor  (WISP) .  A  Zorbax  C^  reverse  phase  stainless  steel 
column  (25  cm  x  4. A  mm  ID,  particle  size  6  pm,  DuPont  Instruments,  Wilmington, 
DE)  was  used.  The  nitramines  were  eluted  using  a  linear  gradient  program  in 
which  pump  A  contained  1:4  methanol/water  and  pump  B  contained  4:1  methanol/ 
water,  and  the  methanol/water  composition  was  changed  from  95:5  /V B  to  50:50 
A/B  in  25  min  at  a  flow  rate  of  1.2  mL/mln.  The  effluent  was  monitored  at  254 
nm,  0.05  absorbance  units  full  scale  (AUFS).  Standard  solutions  were  prepared 
as  described  previously. * 


GAS  CHROMATOGRAPHIC/MASS  SPECTROMETRIC  (GS/MR)  ANALYSES 


CC/MS  analyses  were  performed  with  a  Hewlett  Packard  5985B  system  equipped 
with  a  25  in  x  0.2  nan  II)  fused  silica  capillary  column  (cross-linked  OV-1,  0.11 
pm  thick)  Interfaced  directly  to  the  source  (source  temperature  200°C) . 
Injection  temperature  was  150°  or  250°C,  and  the  GC  oven  was  programmed  from 
60°  to  250°  at  20°C  per  minute  with  an  Initial  hold  of  1  minute.  The  data 
system  was  upgraded  to  RTE-VI  and  included  a  data  base  of  70,000  spectra. 

PREPARATION  OF  SAMPLES 

For  HPLG  analyses,  1  ml.  of  liquid  was  made  up  to  100  ml.  in  distilled 
deionized  water;  further  dilutions  were  made  when  necessary.  A  4  mL  portion 
of  each  solution  was  passed  through  a  0.45  pm  MiLlex-SR  filter  into  a  WISP 
sample  vial.  Weighed  amounts  of  solid  samples  were  dissolved  in  acetonitrile 
(5  mL)  and  made  up  to  100  mL  in  distilled  deionized  water  and  treated  as 
above . 

For  GC/MS  analyses,  liquid  samples  containing  OMSO  and  munitions  compounds 
(5  mL)  were  diluted  with  water  (10-50  mL) ,  filtered  when  necessary  to  remove 
any  precipitated  munitions  compounds,  and  extracted  with  methylene  chloride 
(CH2CI9,  5-10  mL)  .  The  C^Clj  extracts  were  washed  with  three  25  to  50  ml. 
portions  of  water,  dried,  and  evaporated,  and  the  residues  were  dissolved  in 
acetone  for  injection.  The  DMS0  pilot  plant  water  samples  and  the  RDX  and  HMX 
system  filtrates  from  the  earlier  acetone/cyclohexanone  cecrystal llzatlon 
process  (  100-200  mL)  were  extracted  with  CI^Cl-,  and  the  extracts  were  dried 
and  treated  as  above.  The  used  acetone  sample 'was  partially  evaporated  and 
the  resulting  aqueous  suspension  was  extracted  with  CHjCl^  and  treated  as 
above.  A  small  portion  (0.2  mL)  of  the  used  cyclohexanone  was  taken  to 
dryness  under  and  redlssolved  in  acetone  for  analysis. 


RESULTS  ANT)  DISCUSSION 


Chemical  characterization  of  evaporator  sludge  and  recycle  solvent  samples 
included  qualitative  analysis  for  trace  organics  by  GC/MS  and  quantitative 
analysis  for  nitramine  munitions  by  HPLC.3  Results  of  sample  analyses  in  June 
1983  and  January  1984  are  summarized  in  Tables  1  and  2. 


TABLE  1.  HPLC  ANALYSES  OF  MUNITIONS  FROM  DMSO 
RECRYSTALLIZATION  PROCESS  SAMPLES 


Compound 

Re  tent  ion 
Time  (min) 

Evaporator  Sludge 
Jan  1984 

Amt  (ppm)a 

Recycle  Solvent 
Jun  1983 

Amt  ( ppm) 

Recycle  Solvent 
Jan  1984 

Amt  (ppm) 

SEX 

7.3 

64 

150 

412 

KMX 

9.1 

1,750 

3,500 

41,900 

TAX 

11.2 

2,400 

580 

648 

RDX 

15.7 

403 

5,500 

39 ,900 

a.  Relative  amounts  in  June  1983  sample  were  TAX  >  RDX  >  HMX  »  SEX. 


The  observed  discrepancies  in  nitramine  content  between  the  two  sets  of 
analyses  (Table  1)  may  be  attributed  to  inconsistent  sampling  or  sampling 
errors,  due  to  inhomogeniety  of  the  mixtures  and/or  temperature  differences  at 
the  time  of  sampling. 

No  impurities  were  found  in  the  unused  DMSO.  Of  the  trace  organics  found 
in  the  recrysta l lizat ion  process  samples  (Table  2),  all  except  DORH  and  irans- 
4-chlorocyclohexanol  were  commercially  available  compounds.  Diacetone  alcohol 
is  formed  by  aldol  condensation  of  acetone,  and  dimethyl sul fone  is  an  obvious 
oxidation  product  of  DMSO.  The  genesis  of  DDBM,  found  in  thrr.o  of  four 
samples,  is  obscure.  A  literature  survey  revealed  few  citations:  the  com¬ 
pound  was  first  reported  as  the  end  product  of  a  synthesis  requiring  six  steps 
from  commercially  available  chemicals,4  but  was  recently  found  as  one  of  many 
trace  organics  In  highly  polluted  rivers  in  Japan^  and  in  volatile  constitu¬ 
ents  of  certain  fungi.15 

This  finding  of  a  variety  of  trace  organics  unrelated  to  the  munitions 
manufacture  process  or  to  possible  decomposition  or  transformation  of  the 
nltramlnes  prompted  an  investigation  of  tlu  organic  constituents  of  samples  of 
water  from  the  Holston  River,  which  had  been  used  in  the  pilot  plant  proc¬ 
ess.  In  addition,  another  sample  of  evaporator  sludge  which  had  not  yet  been 
tested  for  mutagenicity  and  a  sample  designated  as  "recovered  DMSO"  were 
analyzed  for  trace  organics  and  munitions  compounds;  the  results  are  sum¬ 
marized  in  Tables  3  and  4. 


TABLE 

2.  GC/MS  IDENTIFICATION  OF  TRACE  ORGANICS 
RECRYSTALLIZATION  PROCESS  SAMPLES3 

PRESENT  IN 

DMSO 

Retention 

Time  (min) 

Compound 

Evaporator 

Sludge 

Recycle 

Solvent 

June  1983 

2.4 

Diacetone  alcohol 

f 

_b 

4.1 

Dimethyisul fone 

- 

(• 

4.9 

Benzothiazo le 

+ 

+ 

6.7 

1 , 5-Di-t-butyl-3 , 3-dimethyl- 
bicyclo( 3 . 1 .0)hexan-2-one  ( DDBH) 

- 

l- 

January  1984 

2.5 

Diacetone  alcohol 

+ 

+ 

2.6 

1 ,4-Dithiane 

+ 

- 

2.4 

trans-4-Chlorocyc lohexanol 

l- 

+• 

4.9 

Benzothlazole 

+ 

+ 

6.8 

1 ,5-Di-t-buty 1-3  ,3-dimethyl- 
blcycloC 3 . 1 .0) hexan-2-one  ( DDRH) 

'r 

F 

7  .n 

2 ,6-Di-t-butyl-4— methyl  phenol  (  BHT) 

+ 

+ 

a.  +,  present;  not  detected. 

b.  Not  detected  because  of  DMSO  interference,  but  believed  to  be  present. 
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TABLE  3.  HPLC  ANALYSES  OF  MUNITIONS  IN 
NEW  DMSO  RECRYSTALLIZATION 
PROCESS  SAMPLES,  APRIL  1984 


Compound 

Retention 

Time  (min) 

Evaporator  Sludge3 

Amt  (ppm) 

B 

SEX 

7.6 

66 

1 

mix 

10.2 

1  ,940 

*' 

TAX 

12.5 

2,540 

a 

RDX 

18.5 

410 

» 

a.  Munitions  in  "recovered  DMSO"  were  below 
detection  limit  (<0.3  ppm). 


TABLE  4.  TRACE  ORGANIC  CONTENT  OF  RIVFR  WATER  AND  DMSO 
RECRYSTALLIZATION  PROCESS  SAMPLES,  APRIL  19P4a 


Sample 

Retention 
Time  (min) 

Compound 

River  water,  single 

2.5 

Diacetone  alcohol 

6.4 

p-Hydroxyacetani lide 

7.6 

Unidentified,  MW  2 1 3h 

River  water, 

2.5 

Diacetone  alcohol 

composite0 

6.4 

p-Hydroxyacetani  lide 

7.3 

Dinhenvloxazole3 

7.6 

Unidentified,  MW  2I3*1 

Evaporator  sludge 

10.9 

Acetyl  tri-n-butyl  citrate 
(Cltroflex  A,  citrate  plasticizer) 

Recovered  DMSO 

2.5 

Dlacetone  alcohol 

7.0 

2 ,6-d i-t-But y 1-4-me thy Ipheno 1  ( BUT) 

7  .7 

3 ,4' -Dimethy Id iphenylmethane 

8.9 

N-Buty Ibenzenesul fonamide 

12.1 

Octadecanainide 

In  addition  to  phthaLates. 

Mass  spectrum  below  n/z  1 3  *3  identical  to  that  of  p-methoxystyrene . 
Composite  consisted  of  4  aliquots  taken  at  6  hr  intervals. 

Mass  spectrum  indicated  4,5-isomer  rather  than  the  commercially 
available  2,5-isomer. 
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Comparison  of  the  results  for  the  April  1984  evaporator  sludge  with  those 
of  the  January  1984  sample  (Tables  1  and  2)  showed  good  consistency  for  the 
nitramines,  but  the  trace  organic  content  of  the  two  samples  was  quite  dif¬ 
ferent.  Furthermore,  except  for  the  consistent  presence  of  diacetone  alcohol 
(found  in  six  of  eight  samples),  the  trace  organic  content  in  the  river  water 
samples  was  different  from  the  process  sludge  and  solvent  samples.  Signifi¬ 
cantly,  benzothiazo  le ,  a  suspect  mutagen  present  in  the  four  samples  of  sludge 
and  solvent  analyzed  in  June  1983  and  January  1984,  was  not  found  In  any  of 
the  samples  analyzed  later.  The  difference  i.n  organic  content  between 
"recycle  solvent"  DMSO  and  "recovered"  DMSO  nay  be  attributable  to  the  fact 
that  the  samples  were  taken  at  different  stages  of  the  process.  The  former 
was  a  composite  taken  from  a  storage  tank  and  decanted  from  precipitated 
munitions;  the  latter  was  taken  after  separation  of  process  DMSO  from  muni¬ 
tions  and  water. 

Trace  organic  content  of  the  four  samples  from  the  acetone/cyc lohexanone 
process  was  low.  Diacetone  alcohol  was  found  in  the  RDX  filtrate  and  the  used 
acetone  samples,  but  not  in  the  HMX  filtrate.  It  was  not  possible  to  detect 
trace  organics  in  the  presence  of  the  enormous  quantity  of  cyclohexanone,  and 
its  relative  insolubility  in  water  precluded  concentration  of  possible  trace 
organics  by  liquid,/ liquid  extraction  procedures.  Nh  trace  organics  were 
Identified  in  the  residue  after  evaporation  of  the  cyclohexanone  to  dryness, 
but  volatile  compounds  such  as  diacetone  alcohol  would  also  have  been  removed 
by  the  evaporation. 


CONCLUSION 


It  must  be  emphasized  that  none  of  the  trace  organics  Identified  can  he 
attributed  either  to  the  munitions  manufacture  process  or  to  breakdown  or 
transformation  of  the  munitions  compounds.  Only  dimethylsul fone  clearly 
originated  from  reaction  of  the  solvent,  DMSO.  Diacetone  alcohol  could  have 
been  a  solvent-derived  product  in  the  acetone/cyclohexanone  recrystallization 
process,  but  not  in  the  DMSO  process.  The  wide  variety  and  lack  of  con¬ 
sistency  (except  for  the  presence  of  diacetone  alcohol)  of  trace  organics 
found  in  the  Latter  process  samples  suggest  river  water  used  in  the  process  as 
the  source.  WhiLe  trace  organic  contents  of  the  single  and  24  hr  composite 
river  water  sanples  taken  in  1984  were  similar,  and  different  from  that  of  any 
of  the  1979  pilot  plant  samples  (again,  except  for  the  presence  of  diacetone 
alcohoL),  variation  of  the  nature  of  organic  pollutants  in  the  river  over 
extended  time  periods  is  not  unexpected.  The  observed  variation  in  organic 
content  of  the  evaporator  sLudge  sanpLes  (Tables  2  and  4),  however,  Is  not 
readily  explained. 
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